Two early-(EG) and two late-season (LG) corn-residue grazing trials were conducted either from October to December or from December to March (1987 and 1988) using both nonirrigated and irrigated fields. Initial availability, disappearance, and nutritive value of different corn residue components were estimated. Stocking rates were 1.97, 2.20, 1.36, and 2.58 animalsha for the two EG and LG nonirrigated fields 0 , respectively, and Ruminal escape protein (FP) content was assessed using a Dacron bag technique.
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ruminally degradable and undegradable N and ADIN, should be characterized in the different corn residue fractions to design the optimal protein supplementation program for growing calves grazing corn residues.
Limited information is available about the dynamics of the corn residue fractions during winter when snow cover and low temperatures negatively affect the grazing animal (Vetter and fitter, 1975) . The objectives of these experiments were to determine the availability and nutritive value of different corn residue parts throughout early (October to December) and late (December to March) grazing seasons.
Materials and Methods
The experiments were conducted at the Agric. Res. and Dev. Center, Mead, NE. Four corn residue grazing trials involving 224 nonimplanted calves were conducted during 1987 and 1988. Early-season grazing (EG) trials were conducted from October to December, and late-season grazing (LG) trials were conducted from December to March.
Early-Season Grazing Trial 1 (1987).
Two nonirrigated (NIF) corn residue fields (14.6 ha each; Table 1 ) were grazed by 64 MARC III steers (average weight = 239 kg) from October 30 to December 31 at a stocking rate of 2.2 steersba. Steers were housed overnight in a barn open to the south equipped with a Calm4 gate system. Each steer received .8 kg/animal of a 50% CP supplement containing at least 25% ruminally degradable protein (GutierrezOmelas and Klopfenstein, 1991) . Six randomly selected corn residue samples (8.36 m2) were collected from both fields 7 d before the start of the trial and 36 and 64 d after grazing began. For sampling purposes, the fields were divided into six equal-sized areas, and the sample was selected at random within each section.
Stalks were clipped about 5 cm above ground level, and all the plant parts except single grain kernels were collected. Samples were sorted and availability (amount of sample per area or animal) and disappearance of grain, husks, and leaf blades were calculated. Usage of forage was defined as the amount or 4Amcri~an Calan Inc., Nomood. NH.
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proportion of forage that disappeared from the fields. Grain, husk, and leaf blade samples were freezedried and p u n d through a 2-mm screen. A composited sample (six sample areas) for each plant part collected from each field was obtained during each sampling period and analyzed in duplicate for OM and CP (AOAC, 1984) ; NDF (no sodium sulfite or decalin), ADF, permanganate lignin, and ADIN ( b r i n g and Van Soest, 1970) and in vitro DM (IVDMD) and OM (IVOMD) disappearance (Tilley and Terry, 1963) .
Escape protein (EP) content of corn, husks, and leaf blades was determined using an in situ technique. Ruminal escape of potentially digestible N (residual N minus ADIN) was expressed as a percentage of the original available N (initial N minus ADIN) weighed into the bags. Therefore, ADIN was assumed to be an indigestible fraction. Residual N was not corrected for microbial attachment to residual fiber in the bag.
In Situ Technique. Bags (50-pn pore size) measuring 10.5 cm x 23 cm and 5.5 cm x 13 cm were purchased from ANKOW. Five grams of husk or leaf blade or 1-g corn samples were placed in large or small bags, respectively. Each bag was sealed with a #8 (#2 for small bags) rubber stopper and two #18 rubber bands (#8 for small bags). Dacron bags were placed into a 3 k m x 45-cm Dacron mesh bag and soaked in warm water (40°C) for 20 min before ruminal incubation. Two steers had ad libitum access to a corn cob-ureamolasses diet (10% CP) once daily (1700), and mesh bags containing the Dacron bags were placed into their m e n s 30 min before feeding time. Bags were removed from the m e n after 16 h. This is the mean retention time equivalent to a 6.25%/h rate of passage from the rumen. The bags were then placed into a bucket of warm water (4O'C) and washed as a group for 45 min. Bags were transferred to the laboratory, stoppers and rubber bands were removed, and warm running water was used to wash the exterior of the bags. After the second rubber band was removed, bags were opened and running water used to wash the inside of the bags for 1 min. Flow rate was 4 literslmin for the large bags and 600 d m i n for the small bags. Bags were dried for 24 h at 60'C and then allowed to equilibrate to ambient conditions before weighing. One-half-gram samples from each large bag and all material from each small bag were removed and analyzed for Corn residue component availabilities, relative plant part composition, and residue usage were estimated using the different samples collected throughout the entire experimental period. Nutritive value analyses were done on two composite samples (two samples per composite) per plant fraction taken at the beginning and the end of the trial. Composite samples from each corn residue field were analyzed as in Trial 1, but NDF and lignin analyses were not done.
The NIF and IF were not statistically compared because replicate fields were not available for NlF. Rate of forage disappearance in each field was statistically analyzed as in Trial 1; however, sample variation within fields was used as the error term in the model due to the lack of field replications. Changes in the nutritive value of corn residue fractions across time were estimated using GLM procedures (SAS, 1985) in which the two composite sampledfield were assumed as independent replications. Mean comparisons were performed as in Trial 1. Statistical analysis for all dependent variables was performed using GLM procedures (SAS, 1985) , in which the terms period, plant part, and plant part x period were included as the independent variables.
Late-Season Grazing Trial 3 (1987

Late-Season Grazing Trial 4 (1988).
A single NIF (Table 1) Four randomly selected corn residue samples (8.36 m2) were collected from the field starting 30 d before the grazing period so that collection days were -30, 0, 34, and 57. All forage was collected and sorted into the following six different parts: grain, husks, leaf blades, leaf sheaths, stems, and cobs. Initial availability and rate of disappearance of the different plant parts were estimated as in Trial 1. Forage disappearing during the month before the grazing season was related to weathering losses only, whereas forage disappearing from 0 to 57 d was a combination of usage by animals and additional weathering. Plant part samples were freeze-dried and ground through a 2-mm screen. Two composite samples were obtained from field samples collected on d 0 and 57 and analyzed as in Trial 2. Sample variation within field was included as the error term in the models to make statistical inferences. Weathering effect on forage availability and disappearance of the different plant part components was estimated using two samples collected before the grazing period. Grazing effect on those variables was estimated using the last three sample collection dates. Effect of grazing on the nutritive value of the different plant parts was analyzed on composite samples collected at the beginning and the end of the grazing period. Statistical analysis of all variables was performed using GLM procedures (SAS, 1985) as in Trial 1.
Results and Discussion
Replicate fields were available only in Trials 1 and 3. The fields were managed the same but were divided in the middle by a sod waterway in Trial 1 and fenced into four equal quadrates in Trial 3. Separate groups of cattle grazed each field In later experiments, fields were not replicated because cattle were individually supplemented. By having all animals grazing the same field, field as a variable was equal across animals and could not affect animal performance. This did not allow the use of field as a replicate for sampling purposes, however. To determine whether field differences might exist, the effect of field (two fields) was tested in Trial 1 using replicate samples (six per field) as the source of variation. Of 36 comparisons, only one, the amount of leaf at the initial sampling, showed a significant field effect.
In Trial 3, field was tested (four fields) using samples within field as the source of variation (four samples/field). There were no significant field effects. We, therefore, conclude that variation was primarily associated with sampling adequacy and not caused by differences in field. Using sample (or replicate within field) would be more conservative statistically than using field as the replicate.
However, sampling specific areas of the field when animals have access to the entire area is similar to sampling the same areas with fences around them.
Residue Availability, Plant Part Composition, and Disappearance. Availability of husks was very constant in NIF, from 4.64 to 502 kg/ ha, across years and grazing seasons (Tables 2  and 3 ). However, availabilities of leaf blades and grain were highly variable, ranging from 414 to 931 kgJha and from 81 to 419 k o a , 
1989b).
The proportion of grain left in the field with the residue varied from 2 to 8.2%; however, the average value across the experiments was 4.3%, which is similar to the value reported by Femandez-Rivera et al. In most corn residue grazing studies (Lamm and Ward, 1981 ; Femandez-Rivera and Klopfenstein, 1989), leaf blades, leaf sheaths, and husks have been considered within the same fraction. Husks disappeared (Tables 2 and 3) faster than leaf blades and leaf sheaths most of the time. Extent of residue disappearance is due to both grazing and weathering; therefore, under LG systems, leaf blades may be more susceptible to DM losses due to weathering, whereas husks may not be g r d due to snow cover. Leaf sheaths were not grazed (P > .05), even though snow may have limited the availability of grain, leaf blade, and husk fractions during LG trials. Sheaths alone did not disappear (Table 3) , and sheaths and stems considered together did not disappear (Tables  2 and 3) . These results suggest that the dynamics of disappearance of the corn residue fractions under grazing conditions can be better described when leaf blade, leaf sheath, and husk fractions are considered independentMore than 90% of the residual grain disappeared from the fields, regardless of the time of grazing season. Plant parts had ly.
'---- (Table 3) suggests that LG season and low stocking rate (Trial 3) may interact negatively with winter weather, reducing the use of husks and leaf blades. However, some substitution effect could have occurred because calves were supplemented daily with 50 and 28 g/kg of alfalfa hay in Trials 3 and 4, respectively. Those values are high enough to promote a substitution effect ( Horn and McCollum, 1987) .
In Trials 2 and 4, very low or even negative stem, sheath, and stem plus sheath disappearance was noted (Tables 2 and 3) . Such a result implies that these components were either not consumed by the calves or not properly sampled. Higher proportions of sheaths and stems would be expected to be consumed during periods of high snow cover.
Irrigated fields had higher residual DM than NIF ( (Jurgens et al., 1978) than into the forage.
In general, the amount of CP and Ep decreased (P < .05) and ADIN increased (P c .05) in husk and leaf samples as the grazing season progressed. This is shown by the significant rate of decline (Table 4) . Grazing selectively may have affected the N content of leaf blades and husks. However, changes in N content for parts not heavily grazed (stems and cobs) implied that other factors may affect changes in N content. Weathering can be the principal factor because its direct and indirect effects may reduce the amount of N in the corn residue DM. The direct effect is through leaching of cell solubles, which makes the ADIN more concentrated and reduces the soluble protein fraction. Lamm and Ward (1981) reported a CP reduction of .8 percentage units due to weathering of ungrazed corn residue fields. Grazing during rainy or muddy days indirectly affects the N content in the sample DM because soil contamination dilutes all the nutrients, including CP. The low OM in husks and leaf blades from IF after the grazing Season (Table 5 ) was associated with the high stocking rate used (3.96 animalsha) in Trial 2. Energy intake of cattle grazing IF might be negatively affected by their low OM content and it may explain, in part, the low animal performance usually observed by calves grazing IF (FernandezRivera et al., 1989a) . Some grazing effects on CP content of the different plant parts (Table  4) Acid detergent fiber increased (Table 6 ) as the grazing season progressed in most cases. In Trial 1, lignin content of leaves and husks increased in a quadratic manner. Initial lignin content percentage and daily rate of change (P > .05) were 6.34 and .0005 (R2 = .93) for leaves and 5.0 and .OOO4 (R2 = .82) for husks, respectively. Neutral detergent fiber increased (P < .OS) in a linear manner. Initial NDF content for leaves was 76.2% with a daily increase of .021 (R2 = .31), whereas husks had 84.6% NDF with a daily increase of .048 (R2 = .79).
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Implications
Grain left in the field was the most important source of crude protein and ruminal escape protein for calves grazing corn residues.
Rate of disappearance of corn was very rapid; therefore, protein supplementation may be required as the amount of grain in the field is reduced. Leaf blades and husks were very similar in both crude and ruminal escape protein in most of the trials; however, their in vitro organic matter digestibilities were very different. Higher grazing selectivity for husks than for leaf blades is expected. High nutritive value of grain and husks is expected to determine the animal performance in a corn residue grazing system. The low quality of components from irrigated fields suggests that a different grazing management from that used in nonirrigated fields is needed Literature Cited
